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(54) METHOD FOR MANUFACTURING SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a semiconductor device, capable of 
preventing deterioration of well pressure resistance due 
to the injection of impurity to a well boundary region, and 
reducing leak currents even when electric field 
concentration is generated in an element forming region 
at the upper part of the side wall of an element 
separating groove. 

SOLUTION: This method for manufacturing this 
semiconductor element comprises a process for forming 
a trench 5 for separating an element on a silicon 
substrate 1, a process for forming an oxide film 7a by 
using a high density plasma DVD method in order to bury 
the trench 5 to the middle, and a process for injecting 
boron to an element forming region positioned at the 
upper part of the side wall of the trench 5. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of forming a slot for dividing an element into a semiconductor substrate. 
A process of forming the 1 st insulator layer so that said slot may be embedded to the middle. 
Then, a process of pouring an impurity into an element formation region located in a side wall 
upper portion of said slot. 

[Claim 2]A manufacturing method of the semiconductor device according to claim 1 with which a 
process of forming said 1st insulator layer includes a process of forming said 1st insulator layer 
by thickness of a grade to which said impurity poured in does not reach the bottom of said slot. 
[Claim 3]A process of forming said 1st insulator layer is in a state which hardly deposits said 1st 
insulator layer on a side-attachment-wall upper bed part of said slot using a high-density- 
plasma CVD method, A manufacturing method of the semiconductor device according to claim 1 
or 2 including a process of forming said 1st insulator layer that has the flat upper surface 
substantially so that said slot may be embedded to the middle. 

[Claim 4]A manufacturing method of the semiconductor device according to claim 3 with which a 
process of forming said 1st insulator layer includes a process of forming said 1st insulator layer 
that has the upper surface of tapered shape using a high-density-plasma CVD method on the 
upper surface of said semiconductor substrates other than a field in which said slot is formed. 
[Claim 5]A manufacturing method of a semiconductor device given in any 1 paragraph of claims 
1-4 in which a process of pouring in said impurity includes a process of pouring an impurity into 
an element formation region located in a side wall upper portion of said slot from an oblique 
direction to a main table side of said semiconductor substrate. 

[Claim 6]A manufacturing method of a semiconductor device given in any 1 paragraph of claims 
1-4 characterized by comprising the following. 

A process at which a process of forming said slot forms the 2nd insulator layer in a 
predetermined region of Jo Kamitsura of said semiconductor substrate. 

By etching said semiconductor substrate by using said 2nd insulator layer as a mask, A process 
of having further a process of removing a portion located on a side wall upper portion of said slot 
of said 2nd insulator layer, and pouring in said impurity after formation of said slot, including a 
process of forming said slot, A process of pouring said impurity into an element formation region 
located in a side wall upper portion of said slot perpendicularly substantially to a main table side 
of said semiconductor substrate. 

[Claim 7]A manufacturing method of a semiconductor device given in any 1 paragraph of claims 
1-6 in which an impurity poured into an element formation region located in a side wall upper 
portion of said slot contains boron. 

[Claim 8]A manufacturing method of a semiconductor device given in any 1 paragraph of claims 
1-7 further provided with a process of controlling diffusion of said poured-in impurity by 
performing heat treatment by rapid heating, after a process of pouring in said impurity. 
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_L ^ manu f ac j tur ' n i f method of a semiconductor device given in any 1 paragraph of claims 
In i«X- er Pr ° V u PrOC6SS ° f formin S the 3rd insulator layer, and a process of forming 

T I 65 ' 0 " V grmd ' ng S3,d 3rd insu,ator la V er «* least so that said slot may be thoroughly 
embedded after a process of pouring in said impurity. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]More specifically, this invention relates to the manufacturing method of 
the semiconductor device which has a slot for separating an element about the manufacturing 
method of a semiconductor device. 
[0002] 

[Description of the Prior Art]In recent years, minuteness making of the element is advanced with 
the densification of a semiconductor device, and high integration. In order to carry out 
minuteness making of the element, simultaneously with the minuteness making of the element 
itself, the minuteness making of an isolation region is becoming important. As conventional 
isolation art, the selective oxidation method (the LOCOS (Local Oxidation of Silicon) method) is 
known. 

[0003]In this LOCOS process, since the oxidation to a transverse direction progresses also 
when a pattern with the detailed lower limit of the working limit by a lithography technology and 
etching technology is formed, there is inconvenience that the width of an isolation region will 
spread. In LOCOS process, when a detailed isolation region is formed, there is inconvenience 
that isolation becomes imperfect without oxidation progressing. Thus, in the isolation by the 
conventional LOCOS process, it is becoming a limit to make separation width small. 
[0004]In LOCOS process, since uneven shape occurs in an isolation region, the inconvenience of 
being difficult also has micro processing on the isolation region of the uneven shape. 
[0005]Then, in order to cancel the problem of these LOCOS process, by these days, the 
isolation art by the STI (Shallow Trench Isolation) method is examined. 
[0006]As an isolation method by the STI method, after forming a slot on the surface of a 
semiconductor substrate, an isolation region is formed by embedding an insulator layer to the 
inside of the slot. Minuteness making is possible for the minimum isolation width in this STI 
method to the same grade as the working limit of a lithography technology or etching technology. 

[0007]Drawing_22_is a sectional view showing the semiconductor device which has an isolation 
region by the conventional STI method. In this conventional semiconductor device, the trench 
(slot) 104 by the STI method is formed in the surface of the silicon substrate 101. In the trench 
104, the isolation film 106 which consists of silicon oxide is embedded. It is formed in the surface 
of the silicon substrate 101 so that the N well 102 and the P well 103 may adjoin. The oxidizing 
film 105 is formed in the surface of the trench 104. On the element formation region in which the 
trench 104 is not formed, the gate electrode 108 is formed via the gate dielectric film 107. 
[0008]In the method of forming the isolation region by the conventional STI method shown in 
drawing 22 , after embedding the isolation film 106, in response to etching, film decrease also of 
isolation film 106 the very thing will be carried out in the case of the process of washing or oxide 
film removal. If the portion to which the isolation film 106 becomes lower than the upper surface 
of the element formation region of the silicon substrate 101 in the case of washing or wet 
etching occurs, the gate electrode 108 in thus, the portion over the isolation film 106 from an 
element formation region. Electric field concentrates occur in the edge part 150 of the silicon 
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substrate 101. For this reason, threshold voltage falls in the edge part 150 of the element 
formation region of the silicon substrate 1 01 . And there was a problem of becoming easy to flow 
rnnnoS leakage cur rent, via the portion to which this threshold voltage fell 

LOOOSJThen, ,n order to reduce the leakage current resulting from the electric field concentrates 
m the edge part of a silicon substrate in the patent No. 3063834 gazette etc. conventionally the 
art which raises beforehand the impurity concentration of the side wall part of an element ' 
tormation region is proposed by pouring an impurity into the side wall part of an element 
tormation region. Drawing 23 is a sectional view for explaining this proposed method In this 
proposed method after forming the insulator layer 110 on an element formation region, boron is 
poured mto the side wall part of an element formation region by carrying out an ion implantation 
to the whole surface from an oblique direction by using that insulator layer 1 10 as a mask V in 
drawmg 2g _shows the field where the concentration of the impurity (boron) which carried out the 
ion implantation is high. 
[0010] 

[Problem(s) to be Solved by the Invention]However. in how for the former shown in drawing 23 
to have been proposed, since the ion implantation of the boron is carried out all over the silicon 
substrate 0 by using the insulator layer 1 10 as a mask, boron is injected also into the silicon 
substrate 101 of the boundary part of the N well 102 and the P well 103. For this reason the 
problem that well pressure-proofing deteriorates newly occurs 

[001 1]In order to control the impurity implantation near [ above ] a well boundary, as shown in 
dML24. after forming the resist 1 1 1 . the method of pouring in an impurity is also considered. 
L0012JHowever. since pouring to an element formation region is pouring from an oblique 
direct.cn, as shown in drawing 24 , there is a problem that it is difficult to pour in an impurity to 
the transistor used as the shadow of the resist 1 1 1 . and it difficult to aim at reduction of leakage 
current as a result In this case, making large the element formation region which adjoins the 
S^hT ° f the r ; S j S i 1 1 \ S ° u that an in J ection re S ion "nay not serve as a shadow is also 

rnnT^iT H ° WeVer ' ' f rt d u ° eS thlS Way ' * wi " become difficult *> ^ain minuteness making. 
L0013]It is made in order that this invention may solve the above technical problems, and one 
purpose of this invention is to provide the manufacturing method of the semiconductor device 
which can control the leakage current resulting from electric field concentrates while preventing 
degradation of well pressure-proofing. 6 

[001 4]Another purpose of this invention is to make correspondence possible also in the case of 
device ' gr °° Ve manufacturin S method of the above-mentioned semiconductor 

[0015] 

[Means for Solving the Problem]A manufacturing method of a semiconductor device by claim 1 is 
provided with the following. woim is. 

A process of forming a slot for dividing an element into a semiconductor substrate 
A process of forming the 1st insulator layer so that a slot may be embedded to the middle 
Then, a process of pouring an impurity into an element formation region located in a side wall 
upper portion of a slot. 

[001 6]By pouring an impurity into an element formation region located in a side wall upper 
portion of a slot, after forming the 1st insulator layer as mentioned above in claim 1 so that a 
sbt may be embedded to the middle. An impurity can be poured only into an element formation 
reg.cn located m a side wal upper portion of a slot, preventing being poured into the bottom of 
an impunty fang furrow. While being able to prevent degradation of well pressure-proofing 
resulting from an impurity being poured into a well border area located in the bottom of a slot by 
this, leakage current can be controlled even if electric field concentrates occur in an element 
formation region located in a side wall upper portion of a slot. In claim 1. since a resist mask is 
not used when pouring ,n an impurity, when pouring in an impurity, a field used as a shadow does 
not occur. S.nce .t can respond by this also in the case of a detailed isolation groove a 
manufacturing method of a semiconductor device suitable for minuteness making can be 
provided. 
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[001 7]A process in which a manufacturing method of a semiconductor device by claim 2 forms 
the 1st insulator layer in composition of claim 1 includes a process of forming the 1st insulator 
layer by thickness of a grade which does not reach the bottom of an impurity fang furrow poured 
in. If constituted in this way, an impurity can be easily prevented from being poured into a well 
formation area located in the bottom of a slot. 

[001 8]A process in which a manufacturing method of a semiconductor device by claim 3 forms 
the 1st insulator layer in composition of claim 1 or 2, Using a high-density-plasma CVD method, 
in the state where the 1st insulator layer is hardly deposited, a process of forming the 1st 
insulator layer that has the flat upper surface substantially is included in a side-attachment-wall 
upper bed part of a slot so that a slot may be embedded to the middle. Thus, if a high-density- 
plasma CVD method is used, while being able to form the 1st insulator layer that has the flat 
upper surface substantially, An impurity can be poured into a side-attachment-wall upper bed 
part of a slot, preventing an impurity from being injected into the bottom of a slot easily, since 
the 1st insulator layer is hardly formed in a side-attachment-wall upper bed part of a slot. 
[001 9]A process in which a manufacturing method of a semiconductor device by claim 4 forms 
the 1st insulator layer in composition of claim 3 includes a process of forming the 1st insulator 
layer that has the upper surface of tapered shape on the upper surface of semiconductor 
substrates other than a field in which a slot is formed, using a high-density-plasma CVD method. 
If constituted in this way, when pouring in an impurity from an oblique direction, the 1st insulator 
layer can be prevented from becoming a shadow. 

[0020]A process into which a manufacturing method of a semiconductor device by claim 5 pours 
an impurity in one composition of claims 1-4 includes a process of pouring an impurity into an 
element formation region located in a side wall upper portion of a slot from an oblique direction 
to a main table side of a semiconductor substrate. Though a silicon nitride film etc. were formed 
all over Jo Kamitsura of semiconductor substrates other than a field in which a slot is formed 
when constituted in this way, an impurity can be easily poured into an element formation region 
located in a side wall upper portion of a slot. 

[002 1]A process in which a manufacturing method of a semiconductor device by claim 6 forms a 
slot in one composition of claims 1-4, A process of forming the 2nd insulator layer in a 
predetermined region of Jo Kamitsura of a semiconductor substrate, and by etching a 
semiconductor substrate by using the 2nd insulator layer as a mask, A process of having further 
a process of removing a portion located on a side wall upper portion of a slot of the 2nd insulator 
layer, and pouring in an impurity after formation of a slot includes a process of pouring an 
impurity into an element formation region located in a side wall upper portion of a slot 
perpendicularly substantially to a main table side of a semiconductor substrate, including a 
process of forming a slot. If constituted in this way, even if it will pour in an impurity 
perpendicularly, an impurity can be easily poured into an element formation region located in a 
side wall upper portion of a slot. 

[0022]An impurity poured into an element formation region where a manufacturing method of a 
semiconductor device by claim 7 is located in a side wall upper portion of a slot in one 
composition of claims 1-6 contains boron. If constituted in this way, threshold voltage of channel 
regions which consist of a P well can be raised easily. 

[0023]A manufacturing method of a semiconductor device by claim 8 is further provided with a 
process of controlling diffusion of a poured-in impurity, by performing heat treatment by rapid 
heating after a process of pouring in an impurity, in one composition of claims 1-7. Since an 
element formation region is constituted, for example, silicon can be combined with impurities, 
such as boron, for example, it was poured into an element formation region if heat treatment by 
such rapid heating is used, it can control that impurities, such as boron, are spread at the time of 
next heat treatment. 

[0024]In one composition of claims 1-8, a manufacturing method of a semiconductor device by 
claim 9 is further provided with a process of forming the 3rd insulator layer, and a process of 
forming an isolation region by grinding the 3rd insulator layer at least so that a slot may be 
thoroughly embedded after a process of pouring in an impurity. If constituted in this way, an 
isolation region by the STI method can be formed easily. 



http://www4.ipdl. inpit.gojp/cgi-bin/tran_web_cgLejje?atw_u=http%3A%2F°/o2Fwww4.i... 2008/07/18 



JP.2003-092386.A [DETAILED DESCRIPTION] 



4/8 ^— v 



[0025] 

[Embodiment of the Invention]Hereafter, the embodiment of this invention is described based on 
a drawing. 

[0026](A 1st embodiment) DrawingJ_- drawing 1 0 are the sectional views for explaining the 
process of the semiconductor device by a 1st embodiment of this invention. With reference to 
drawing 1 _- drawing 1 0, the manufacturing method of the semiconductor device of a 1 st 
embodiment is explained below. 

[0027]First, as shown in drawing 1 , after forming the silicon oxide 2 which has a thickness of 
about 10 nm on the silicon substrate 1, the silicon nitride film 3 which has a thickness of about 
1 50 nm is formed on the silicon oxide 2. This silicon nitride film 3 turns into a stopper film in the 
case of a next CMP (Chemical Mechanical Polishing) process. The silicon substrate 1 is an 
example of the semiconductor substrate" of this invention. 

[0028]Next, as shown in drawing 2, the resist film 4 is formed in the field corresponding to the 
field in which the element on the silicon nitride film 3 is formed. And the silicon nitride film 3 and 
the silicon ox.de 2 by which pattern NINGU was carried out as shown in drawing 3 are formed by 
etching the silicon nitride film 3 and the silicon oxide 2 by using the resist film 4 as a mask Then 
the resist film 4 is removed. And the trench 5 as an isolation groove is formed by etching the 
portion which serves as an isolation region of the silicon substrate 1 by using the silicon nitride 
film 3 as a mask by about 300-nm Fukashi. 

[0029]Next. as shown in drawing4, the oxidizing film 6 which consists of about 20-nm silicon 
oxide is formed by oxidizing the surface of the trench 5 thermally. 

[0030]Next, as shown in drawing 5, while embedding the trench 5 to the middle using a high- 

is formed by a thickness of about 250 nm on the 
sihcon nitride film 3. If the oxide film 7a is formed using a high-density-plasma CVD method 
while depositing as setting-out thickness in the state with the flat upper surface at trench 5 
ins.de, it hardly deposits on the side-attachment-wall upper bed part of the trench 5 This high- 
density-plasma CVD method is based on the principle of performing simultaneously film 
formation which forms an oxide film with a CVD method, and etching by weld slag. Thereby the 
upper surface of the oxide film 7a which embedded the inside of the trench 5 to the middle can 
be made almost flat in the state where the oxide film 7a hardly accumulates on the side wall 
upper portion of the trench 5. The upper surface serves as tapered shape of about 45 degrees at 
both sides under the influence of etching according [ the oxide film 7a formed on the silicon 
nitr.de film 3 ] to weld slag. The oxide film 7a is an example of the "1st insulator layer" of this 
invention. 

[0031]Next. as shown in drawing_6, the ion implantation of the trivalent impurity (boron) is carried 
out to the side attachment wall of the element formation region of the silicon substrate 1 from 
an oblique direction. The ion implantation of this boron is performed under infused energy:15keV 
- 25keV. injection-rate:1x10 12 cm; 2 - 2x10 13 cnrT 2 . and injection angle degree:7 degree to 45 
degrees cond.t.ons. In drawing 6 , x shows the field where the impurity concentration of the 
boron which carried out the ion implantation is high. 

[0032]Since the oxide film 7a is formed in the case of this ion implantation so that the trench 5 
may be embedded to the middle, boron is poured only into the side wall upper portion of an 
element formation region, and it is not poured into the bottom of the trench 5. Since the upper 
surface of the ox.de film 7a formed on the silicon nitride film 3 has the tapered shape of about 
45 degrees on both s.des, it does not make a shadow on the occasion of the ion implantation to 
an adjoining element formation region side attachment wall. For this reason, also when the width 
of the trench 5 becomes small, the ion implantation of the boron can be easily carried out to the 
side attachment wall of an element formation region, about 1000 ** after performing the ion 
implantation of such boron — RTA (Rapid Thermal Annealing) for about 5 seconds — the 
poured-.n boron and the silicon which constitutes an element formation region are combined by 
performing rapid heating by law. It can control that the poured-in boron is spread by this at the 
time of heat treatment for activation of next sauce/drain area. 

[0033]Next. as shown in drawing 7, on the oxide film 7a, a high-density-plasma CVD method is 
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used and the oxide film 7b is formed. This oxide film 7b is deposited to a position higher than the 
upper surface of the element formation region of the silicon substrate 1. The oxide film 7b is an 
example of the "3rd insulator layer" of this invention. Then, polish removes the oxide film 7a 
located on the oxide film 7b and the silicon nitride film 3 by using the silicon nitride film 3 as a 
stopper film using the CMP method. Then, while phosphoric acid removes the silicon nitride film 
3, the isolation oxide film 7 of shape as shown in drawing 8 is obtained by removing the silicon 
oxide 2 by fluoric acid. 

[0034]Then, as shown in drawing 9 t after forming the sacrificing oxide film 13 on the upper 
surface of an element formation region, the N well 9 and the P well 10 are formed in an element 
formation region by performing an ion implantation. This N well 9 and the P well 10 are formed by 
carrying out the ion implantation of a n type impurity (arsenic) and the p type impurity (boron) by 
turns using a resist film (not shown). Then, the sacrificing oxide film 13 is removed. The upper 
surface of the isolation oxide film 7 which consists of silicon oxide formed by the high-density- 
plasma CVD method with the solution at the time of removing the resist film used with the well 
formation process shown in drawing 9 is also removed to some extent. Also when removing the 
sacrificing oxide film 13, the upper surface of the isolation oxide film 7 which consists of silicon 
oxide is removed to some extent. Thereby, eventually, the upper surface of the isolation oxide 
film 7 becomes the almost same height as the upper surface of the element formation region of 
the silicon substrate 1, as shown in drawing 10 . 

[0035]And after forming the gate oxide 11 on an element formation region, the gate electrode 12 
is formed. Sauce/drain area (not shown) is formed by pouring an impurity into an element 
formation region by using the gate electrode 12 as a mask. And it heat-treats in order to 
activate the impurity poured into its sauce/drain area. Thereby, n channel MOS FET and p 
channel MOS FET are formed. Thus, the semiconductor device of a 1 st embodiment is formed. 
[0036]So that it may hardly deposit on the side wall upper portion of the trench 5, while 
embedding the trench 5 to the middle using a high-density-plasma CVD method, as shown [ a 
1st embodiment ] in drawing 6 , After forming the silicon oxide 7a which has the flat upper 
surface, by carrying out the ion implantation of the impurity to the side wall upper portion of the 
trench 5 from an oblique direction, Boron can be poured only into the element formation region 
located in the side wall upper portion of the trench 5, preventing boron from being injected into 
the bottom of the trench 5. While being able to prevent degradation of the well pressure-proofing 
resulting from boron being poured into the well border area located in the bottom of the trench 5 
by this, leakage current can be controlled even if electric field concentrates occur in the element 
formation region located in the side wall upper portion of the trench 5. 

[0037]In a 1st embodiment, since a resist mask is not used when pouring in boron, when pouring 
in boron, the field used as a shadow does not occur. Since it can respond by this also in the 
case of a detailed trench, the manufacturing method of a semiconductor device suitable for 
minuteness making can be provided. 

[0038]ln a 1st embodiment, the ion implantation of the boron which is a p type impurity is carried 
out to the side wall upper portion of the element formation region in the field of both fields (N 
well 9) in which the field (P well 10) in which n channel MOS FET is formed, and p channel MOS 
FET are formed. In this case, in the element formation region of the side wall upper portion of n 
channel MOS FET, when the concentration of boron increases, p type impurity concentration 
increases and, as a result, threshold voltage rises. Thereby, increase of the leakage current in 
the side wall upper portion of the trench 5 of n channel MOS FET can be controlled. 
[0039]On the other hand, since the arsenic which is the n type impurity which constitutes the 
channel of p channel MOS FET is carrying out the pile up, the arsenic which is the n type 
impurity by which the pile up was carried out can be offset with boron which is the poured-in p 
type impurity in the side wall upper portion of p channel MOS FET. In p channel MOS FET, this 
does not generate the fall of the threshold voltage resulting from pouring in boron. 
[0040](A 2nd embodiment) Drawing 1 1 - drawing 21 are the sectional views for explaining the 
manufacturing process of the semiconductor device by a 2nd embodiment of this invention. With 
reference to drawing 1 1 - drawing 21 , the manufacturing process of the semiconductor device by 
a 2nd embodiment is explained below. 
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[0041]First, as shown in drawing 1 1 , the silicon oxide 22 which has a thickness of about 10 nm is 
formed on Kamitsura of the silicon substrate 21. On the silicon oxide 22, the silicon nitride film 
23 which has a thickness of about 150 nm is formed. The silicon substrate 21 is an example of 
the "semiconductor substrate" of this invention. 

[0042] Next, as shown in drawing 12 , the resist film 24 is formed in the field corresponding to the 
element formation region on the silicon nitride film 23. And the silicon nitride film 23 and the 
silicon oxide 22 by which pattern NINGU was carried out as shown in drawing 13 are formed by 
etching the silicon nitride film 23 and the silicon oxide 22 by using the resist film 24 as a mask. 
Then, the resist film 24 is removed. And the trench 25 as an isolation groove is formed by 
etching the silicon substrate 21 by about 300-nm Fukashi by using as a mask the silicon nitride 
film 23 by which pattern NINGU was carried out. 

[0043]Next, as shown in drawing 14 , a thermal oxidation method is used for the inner surface of 
the trench 25, and the oxidizing film 26 which consists of silicon oxide which has a thickness of 
about 20 nm is formed. 

[0044]Next, wet etching of the silicon nitride film 23 is carried out from a transverse direction by 
etching about 50 nm of both sides of the silicon nitride film 23 at a time under 160 ** 
temperature conditions using H 3 P0 4 liquid. This forms the silicon nitride film 23a with a larger 

opening than the opening of the trench 25, as shown in drawing 15 . This silicon nitride film 23a is 
an example of the "2nd insulator layer" of this invention. 

[0045]Next, as shown in drawing 16 , while embedding the trench 25 to the middle using a high- 
density-plasma CVD method, the oxide film 27a is formed in the side wall upper portion of the 
trench 25 so that it may hardly deposit. This oxide film 27a is formed by a thickness of about 
250 nm. Although the oxide film 27a formed by a high-density-plasma CVD method is deposited 
on a flat part as setting-out thickness, it is hardly deposited on the side wall part of the trench 
25. The oxide film 27a in which the upper surface has the tapered shape of about 45 degrees on 
both sides is formed in the upper part of the silicon nitride film 23a. The oxide film 27a by a 
high-density-plasma CVD method is hardly deposited on the flank of the silicon nitride film 23a. 
Since the upper part which the silicon oxide 22 exposed has little area, the oxide film 27a by a 
high-density-plasma CVD method is hardly deposited. The oxide film 27a is an example of the 
"1st insulator layer" of this invention. Thereby, shape as shown in drawing 1 6 is obtained. 
[0046]As shown in drawing 17 f rom this state, boron is poured into the side wall upper portion of 
the trench 25 from the upper part by carrying out the ion implantation of the boron 
perpendicularly to the main table side of the silicon substrate 21. The ion implantation of this 

boron is performed under the conditions of infused energy:50keV and injection-rate:5x10 12 cm~ 2 . 
In this case, boron is not injected into the bottom of the trench 25 even if it carries out the ion 
implantation of the boron to the whole surface, since the oxide film 27a is embedded to the 
middle at the trench 25. Since the silicon nitride film 23a whose width is smaller than the upper 
surface of the element formation region of the silicon substrate 1 serves as a mask in the case 
of an ion implantation, even if it carries out the ion implantation of the boron perpendicularly, 
boron can be easily poured only into the side wall upper portion of an element formation region. 
In the process shown in drawing 17 . "x" shows the field where the impurity concentration of the 
boron which carried out the ion implantation is high. 

[0047]Next, the poured-in boron and the silicon which constitutes an element formation region 
are combined by performing rapid heating by the RTA (Rapid Thermal Annealing) method for 
about 5 seconds at about 1000 **. It can control that the poured-in boron is spread by this at 
the time of heat treatment for activation of next sauce/drain area. And as shown in drawin g 18 , 
the oxide film 27b is formed on the oxide film 27a using a high-density-plasma CVD method. This 
oxide film 27b is formed so that it may become higher than the upper surface of the element 
formation region of the silicon substrate 21. The oxide film 27b is an example of the "3rd 
insulator layer" of this invention. 

[0048]Then, polish removes the oxide film 27a and the oxide film 27b which are located on the 
silicon nitride film 23a by using the silicon nitride film 23a as a stopper film. And while phosphoric 
acid removes the silicon nitride film 23a, the isolation oxide film 27 as shown in drawing 19 is 
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obtained by removing the silicon oxide 22 with rare fluoric acid. 

[0049] Next, as shown in drawing 20 , after using a thermal oxidation method and forming the 
sacrificing oxide film 33 on an active region, the N well 29 and the P well 30 are formed by 
carrying out the ion implantation of a n type impurity (arsenic) and the p type impurity (boron) by 
turns using a resist film (not shown). The upper surface of the isolation oxide film 27 is also 
removed to some extent by the solution processing in the case of removal of the resist film in 
this case. This becomes shape as shown in drawing 20 . Then, an active region is exposed by 
removing the sacrificing oxide film 33 with rare fluoric acid. 

[0050]And as shown in drawing 21 , after forming the gate dielectric film 31, the gate electrode 32 
which consists of polysilicon films is formed. The sauce/drain area of a couple (not shown) are 
formed by carrying out an ion implantation to the both sides which sandwiched the gate 
electrode 32. And in order to activate the impurity poured into its sauce/drain area, it heat- 
treats. Thereby, n channel MOS FET and p channel MOS FET are formed. The semiconductor 
device of a 2nd embodiment is completed by the above processes. 

[0051] As shown [ a 2nd embodiment ] in drawing 1 7 , while forming the silicon nitride film 23a 
whose width is smaller than Kamitsura of an element formation region, After forming the oxide 
film 27a using a high-density-plasma CVD method so that the trench 25 may be embedded to 
the middle, by carrying out the ion implantation of the boron perpendicularly, Boron can be 
poured only into the element formation region located in the side wall upper portion of the trench 
25, preventing an impurity from being poured into the well border area located in the bottom of 
the trench 25. Thereby, while being able to prevent degradation of well pressure-proofing, 
leakage current can be controlled even if electric field concentrates occur in an element 
formation region. 

[0052]Like a 1st embodiment of the above, by pouring in boron without using a resist mask, when 
pouring in boron, in a 2nd embodiment, the field used as a shadow does not occur in the process 
of drawing 1 7 . Since it can respond by this also in the case of the detailed trench 25, the 
manufacturing method of a semiconductor device suitable for minuteness making can be 
provided. 

[0053]In the field of both fields (N well 29) in which the field (P well 30) in which n channel MOS 
FET is formed, and p channel MOS FET are formed like a 1st embodiment in a 2nd embodiment, 
The ion implantation of the boron which is a p type impurity is carried out to the side wall upper 
portion of the element formation region. In this case, in the element formation region of the side 
wall upper portion of n channel MOS FET, when the concentration of boron increases, p type 
impurity concentration increases and, as a result, threshold voltage rises. Thereby, increase of 
the leakage current in the side wall upper portion of the trench 25 of n channel MOS FET can be 
controlled. 

[0054]On the other hand, since the arsenic which is the n type impurity which constitutes the 
channel of p channel MOS FET is carrying out the pile up, the arsenic which is the n type 
impurity by which the pile up was carried out can be offset with boron which is the poured-in p 
type impurity in the side wall upper portion of p channel MOS FET. In p channel MOS FET, this 
does not generate the fall of the threshold voltage resulting from pouring in boron. 
[0055]With all the points, the embodiment indicated this time is illustration and should be 
considered not to be restrictive. The range of this invention is shown by the above-mentioned 
not explanation but claim of an embodiment, and all the change in a claim, an equivalent meaning, 
and within the limits is included further. 

[0056]For example, although the silicon nitride film was used as a stopper film in the case of 
CMP in the above-mentioned embodiment, As long as this invention is a film whose polishing 
speed in CMP is slower than the silicon oxide (oxide films 7a, 7b, 27a, and 27b) ground by not 
only this but CMP, it may use the film which consists of other materials. For example, a 
polysilicon film etc. can be considered. 

[0057]In the above-mentioned embodiment, after removing a resist film, formed the trench by 
etching a silicon substrate by using a silicon nitride film as a mask, but. It may be made for this 
invention to form a trench by etching a silicon substrate not only for this but for a resist film as 
it is as a mask. 
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[0058]Although the oxide film which embeds a trench to the middle was formed with the high- 
density-plasma CVD method in the above-mentioned embodiment, as long as this invention is a 
method which can be deposited on a flat part as setting-out thickness without hardly depositing 
not only on this but on a side attachment wall, it may use other methods. 
[0059]In the above-mentioned embodiment, although the silicon substrate was used as a 
semiconductor substrate, this invention may use the semiconductor layer formed not only on 
this but on the insulating substrate as a semiconductor substrate of this invention. For example, 
a thin film transistor etc. can be considered. 
[0060] 

[Effect of the Invention]As mentioned above, according to this invention, while being able to 
prevent degradation of the well pressure-proofing resulting from an impurity being poured into a 
well border area, leakage current can be controlled even if electric field concentrates occur in 
the element formation region located in the side wall upper portion of a slot. Since a resist mask 
is not used when pouring in an impurity, also in the case of a detailed isolation groove, it is 
applicable. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 2] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1 st embodiment of this invention. 

[Drawing 3] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 4] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1 st embodiment of this invention. 

[Drawing 5] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 6] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 7] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 8] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 9] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 10] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 1st embodiment of this invention. 

[Drawing 1 1] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 12] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 13] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 14 ]It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 15 ] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 16] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 1 7] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[ Drawing 18] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 19] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 20] It is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 
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[Drawing 2 H it is a sectional view for explaining the manufacturing process of the semiconductor 
device by a 2nd embodiment of this invention. 

[Drawing 22] It is a sectional view showing the semiconductor device which has an isolation 
region by the conventional STI method. 

[Drawing 23] It is a sectional view for explaining the manufacturing method of the proposed 
conventional semiconductor device. 

[Drawing 24] It is a sectional view for explaining the manufacturing method of other conventional 
semiconductor devices. 
[Description of Notations] 

1, 21 silicon substrates (semiconductor substrate) 
3, 23 silicon nitride films 

5 and 25 Trench (isolation groove) 

6 and 26 Oxidizing film 

7 and 27 Isolation oxide film 

7a and 27a Oxide film (the 1st insulator layer) 
7b and 27b Oxide film (the 3rd insulator layer) 
12, 32 gate electrodes 

23a Silicon nitride film (the 2nd insulator layer) 



[Translation done.] 
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